Cross-genotype characterization of genetic diversity and molecular adaptation in hepatitis C virus envelope glycoprotein genes.
Investigation of the mechanisms underlying hepatitis C virus (HCV) envelope glycoprotein gene evolution will greatly assist rational development of broadly neutralizing antibody-based vaccines or vaccine components. Previously, comprehensive cross-genotype evolutionary studies of E1E2 have not been possible due to the paucity of full-length envelope gene sequences representative of all major HCV genotypes (1-6) deposited in international sequence databases. To address this shortfall, a full-length E1E2 clone panel, corresponding to genotypes of HCV that were previously under-represented, was generated. This panel, coupled with divergent isolates available via international sequence databases, was subjected to high-resolution methods for determining codon-substitution patterns, enabling a fine-scale dissection of the selective pressures operating on HCV E1E2. Whilst no evidence for positive selection was observed in E1, the E2 protein contained a number of sites under strong positive selection. A high proportion of these sites were located within the first hypervariable region (HVR1), and statistical analysis revealed that cross-genotype adaptive mutations were restricted to a subset of homologous positions within this region. Importantly, downstream of HVR1, a differential genotype-specific distribution of adaptive mutations was observed, suggesting that subtly different evolutionary pressures shape present-day genotype diversity in E2 outside HVR1. Despite these observations, it is demonstrated that purifying selection due to functional constraint is the major evolutionary force acting on HCV E1E2. These findings are important in the context of neutralizing-antibody vaccine targeting, as well as in contributing to our understanding of E1E2 function.